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(54) Semiconductor device having integrated capacitor and/or inductor 



(57) A thin film passive element includes at least one 
of a capacitance element (C) having a plurality of con- 
ductive layers (15, 20) and a dielectric material layer 
(18) and an inductance element (L) formed of a pat- 



terned conductive film (21) is stacked on a circuit ele- 
ment-forming region (DA) of a semiconductor substrate 
(11) provided with a plurality of connection pads (1 2) and 
is connected to the circuit element of the circuit element- 
forming region (DA). 
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Description 

[0001] The present invention relates to a semiconduc- 
tor device of a CSP (Chip Size Package) structure and 
a method of manufacturing the same. 5 
[0002] In recent years, a semiconductor device of a 
CSP structure, in which the chip size is substantially 
equal to the package size, has come to be employed for 
increasing the mounting density of the circuit substrate. 
FIG. 40 is a cross sectional view exemplifying the con- 10 
struction of a semiconductor device 10 of a CSP struc- 
ture, and FIG. 41 is a cross sectional view along the line 
V-V shown in FIG. 40 showing the construction of the 
semiconductor device excluding a conductor layer 5. 
[0003] As shown in the drawings, the semiconductor 15 
device 10 comprises a plurality of connection pads 2 
formed of aluminum electrodes or the like and formed 
on the front side (circuit side) of a semiconductor sub- 
strate 1. A passivation film 3 consisting of silicon oxide, 
silicon nitride or the like is formed on the side of the up- 20 
per surfaces of the substrate 1 and the connection pads 
2 in a manner to expose the central portion of each of 
the connection pads 2. Also, a circuit element-forming 
region DA is formed on the front surface of the semicon- 
ductor substrate 1 except the forming region of the con- 25 
nection pads 2, and circuit elements are formed in an 
integrated manner within the circuit element-forming re- 
gion DA. 

[0004] A protective film 4 is formed on the passivation 
film 3 in a manner to form an open portion in the central 30 
portion of each connection pad 2. For forming the pro- 
tective film 4, the entire surface on the side of the circuit 
of the semiconductor substrate 1 is coated with, for ex- 
ample, a polyimide series resin material, followed by 
curing the coated resin material. Then, a resist pattern- 35 
ing and a protective film patterning are applied by using 
an etching solution, followed by peeling off the resist film 
so as to form the protective film 4. 
[0005] Conductive layers 5 each electrically connect- 
ed to the connection pad 2 are formed on the protective *o 
film 4, a plurality of posts 6 for connection to the external 
circuit, which are columnar electrodes are formed in pre- 
determined positions on the conductor layers 5. As de- 
scribed herein later, a metallizing treatment such as a 
solder printing is applied to the tip of the post 6 so as to 45 
form a metallized projecting edge surface 6a that is to 
be connected to a terminal (not shown) on the circuit 
substrate. Also, the post 6 is formed straight in a height 
of at least 50 urn and typically about 100 to 150 ujti so 
as to absorb the stress generated by the difference in so 
the thermal expansion coefficient between the semicon- 
ductor substrate 1 and the circuit substrate. 
[0006] A sealing film 7 made of a resin material such 
as a polyimide resin or an epdxy resin is formed on that 
portion of the entire circuit surface of the semiconductor 55 
substrate 1 which is positioned between the adjacent 
posts 6. As described above, a native oxide film is re- 
moved from the projecting edge surface 6a of the post 



6, followed by applying a metallizing treatment such as 
a solder printing to the projecting edge surface 6a so as 
to form a terminal portion for connection to the external 
circuit. Where the semiconductor device of the construc- 
tion described above is mounted to a circuit substrate, 
the terminal portion of the post 6 for the connection to 
the external circuit is arranged to face the terminal of 
the circuit substrate and bonded by, for example, a sol- 
dering to the terminal of the circuit substrate so as to 
achieve the mounting of the semiconductor device to the 
circuit substrate. 

[0007] For forming a transceiver chip equipped with a 
wireless l/F function such as Bluetooth, it is absolutely 
necessary for the semiconductor chip to be equipped 
with an RF functional elements such as a PLL circuit, a 
VCO circuit or a filter circuit. For realizing these RF func- 
tional elements, it is necessary to arrange various pas- 
sive elements such as a capacitance element and an 
inductance element in the circuit element-forming re- 
gion DA of the semiconductor substrate 1. 
[0008] However, the formation of these passive ele- 
ments necessitates a relatively large area, with the re- 
sult that, if these passive elements are to be formed in 
the circuit element-forming region DA, the chip area is 
unavoidably increased. If the chip area is increased in 
the semiconductor device 10 of the CSP structure de- 
scribed above, various problems are generated. For ex- 
ample, it is impossible to increase the mounting density 
on the circuit substrate. Also, the number of chips that 
can be obtained from a single semiconductor wafer is 
decreased so as to lower the yield of manufacture and 
to increase the manufacturing cost. 
[0009] Such being the situation, the various passive 
elements for realizing the RF functional elements are 
formed as discrete parts and mounted on the outside of 
the chip. However, it is difficult to decrease the size of 
the RF module with such a system. 
[0010] An object of the present invention is to provide 
a semiconductor device capable of mounting passive el- 
ements on a chip without inviting the increase in the chip 
area and a method of manufacturing the particular sem- 
iconductor device. 

[001 1] According to a first aspect of the present inven- 
tion, which is intended to achieve the above-noted ob- 
ject, there is provided a semiconductor device compris- 
ing a semiconductor substrate having a circuit element- 
forming region and a plurality of connection pads formed 
therein; an insulating film formed on the circuit element- 
forming region; and at least one thin film passive ele- 
ment including a columnar electrode for connection to 
the external circuit connected to at least one of a plurality 
of connection pads and at least one capacitance ele- 
ment consisting of a plurality of conductive layers and 
dielectric material layers and an inductance element 
consisting of a conductive film patterned in the shape of 
generating an inductance component, the capacitance 
element and the inductance element being formed on 
the insulating film on the circuit element region. 
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[0012] It is possible for the thin film passive element 
to be'arranged in various types on the circuit element- 
forming region DA so as to be connected to the circuit 
element of the circuit element-forming region DA 
through the connection pads or so as to be connected 5 
to the external connection terminals through the colum- 
nar electrodes. As a result, it is possible to mount the 
thin film passive elements in a stacked fashion without 
inviting an increase in the chip area. Also, the passive 
elements, which were required to be mounted outside 10 
the chip as discrete parts, can be mounted within the 
chip so as to decrease the module size. 
[0013] According to a second aspect of the present 
invention, which is intended to achieve the above-noted 
object; there is provided a method of manufacturing a 15 
semiconductor device of the particular construction de- 
scribed above. In the manufacturing method of the 
present invention, a semiconductor wafer having a plur 
rality of chip forming regions is prepared first. A connec- 
tion pad is formed in each of the chip forming regions. 20 
After a passivation film exposing the central portion of 
each connection pad is formed on the upper surfaces of 
the connection pads formed in the chip forming regions, 
a first protective film is formed on the upper surface of 
the passivation film. Where a capacitance element is 25 
formed as the thin film passive element, a first conduc- 
tive layer connected to the connection pad is formed on 
the first protective film, and a dielectric material layer is 
formed on that portion of the first conductive film in which 
the capacitance element is formed, followed by forming 30 
a second conductive film on the dielectric material layer 
so as to form the capacitance element. Alternatively, it 
is also possible to arrange the first conductive layers ad- 
jacent to each other with the dielectric material layer in- 
terposed therebetween so as to form the capacitance 35 
element having the dielectric material layer sandwiched 
between the adjacent conductive layers, thereby de- 
creasing the number of steps required for forming the 
capacitance element. On the other hand, in the case of 
. forming an inductance element as the thin film passive *o 
element, a first conductive layer connected to a connec- 
tion pad is formed on the first protective layer, and a con- 
ductive layer patterned in a shape adapted for generat- 
ing an inductance component such as an angular eddy 
shape or a loop shape is formed so as to form the in- 45 
ductance element. It is also possible to form a magnetic 
film on the conductive layer forming the inductance el- 
ement with the protective film interposed therebetween . 
In this case, it is possible to increase the inductance val- 
ue of an inductance element. After these steps, dicing so 
is applied to each chip forming region so as to separate 
the semiconductor water into individual semiconductor 
devices, thereby .forming a plurality of semiconductor 
devices of the present invention each having at least 
one thin film passive element. As a result, it is possible 55 
to collectively form a plurality of semiconductor devices 
having a plurality of thin film passive elements stacked 
on a chip. 



[0014] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 
vention may also be a sub-combination of these de- 
scribed features. 

[0015] The invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a cross sectional view showing the con- 
struction of a semiconductor device according to a 
first embodiment of the present invention; 
FIG. 2A is a cross sectional view along the line l-l 
shown in FIG. 1 showing a first example of the gist 
portion of the semiconductor device; 
FIG. 2B is a cross sectional view along the line l-l 
shown in FIG. 1 showing a second example of the 
gist portion of the semiconductor device; 
FIGS. 3 to 10 are cross sectional views collectively 
showing a method of manufacturing a semiconduc- 
tor device according to a first embodiment of the 
present invention; 

FIG. 11 A is a cross sectional view showing a first 
connection mode of a capacitance element accord- 
ing to the first embodiment of trie present invention; 
FIG. 11B is an equivalent circuit diagram corre- 
sponding to the connection mode of the capaci- 
tance element shown in FIG. 11 A; 
FIG. 12A is a cross sectional view showing a sec- 
ond connection mode of a capacitance element ac- 
cording to the first embodiment of the present in- 
vention; 

FIG. 12B is an equivalent circuit diagram corre- 
sponding to the connection mode of the capaci- 
tance element shown in FIG. 12A; 
FIG. 13A is a cross sectional view showing a third 
connection mode of a capacitance element accord- 
ing to the first embodiment of the present invention; 
FIG. 13B is an equivalent circuit diagram corre- 
sponding to the connection mode of the capaci- 
tance element shown in FIG. 13A; 
FIG. 14A is a cross sectional view showing a fourth 
connection mode of a capacitance element accord- 
ing to the first embodiment of the present invention; 
FIG. 14B is an equivalent circuit diagram corre- 
sponding to the connection mode of the capaci- 
tance element shown in FIG. 14A; 
FIG. 15A is a cross sectional view showing a fifth 
connection mode of a capacitance element accord- 
ing to the first embodiment of the present invention; 
FIG. 15B is an equivalent circuit diagram corre- 
sponding to the connection mode of the capaci- 
tance element shown in FIG. 15A; 
FIG. 16 is a cross sectional view showing the con- 
struction of a semiconductor device according to a 
second embodiment of the present invention; 
FIG. 17A is a cross sectional view along the line ll-ll 
shown in FIG. 16 showing a first example of the gist 
portion of the semiconductor device; 
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FIG. 17B is a cross sectional view along the line ll-ll 
shown in FIG. 16 showing a second example of the 
gist portion of the semiconductor device; 
FIGS. 18 and 19 are cross sectional views collec- 
tively showing the manufacturing method of a sem- 5 
iconductbr device according to the second embod- 
iment of the present invention; 
FIG. 20A is a cross sectional view showing a first 
connection mode of a capacitance element accord- 
ing to the second embodiment of the present inven- 10 
tion; 

FIG. 20B is an equivalent circuit diagram corre- 
sponding to the connection mode of the capaci- 
tance element shown in FIG. 20A; 
FIG. 21A is a cross sectional view showing a sec- 15 
ond connection mode of a capacitance element ac- 
cording to the second embodiment of the present 
invention; 

FIG. 21B is an equivalent circuit diagram corre- 
sponding to the connection mode of the capaci- 20 
tance element shown in FIG. 21A; 
FIG. 22A is a cross sectional view showing a third 
connection mode of a capacitance element accord- 
ing to the second embodiment of the present inven- 
tion; 25 
FIG. 22B is an equivalent circuit diagram corre- 
sponding to the connection mode of the capaci- 
tance element shown in FIG. 22A; 
FIG. 23A is a cross sectional view showing a fourth 
connection mode of a capacitance element accord- 30 
ing to the second embodiment of the present inven- 
tion; 

FIG. 23B is an equivalent circuit diagram corre- 
sponding to the connection mode of the capaci- 
tance element shown in FIG. 23A; 35 
FIG. 24 is a cross sectional view showing the con- 
struction of a semiconductor device according to a 
third embodiment of the present invention; 
FIG. 25A is a cross sectional view along the line 
Ill-Ill shown in FIG. 24 showing a first example of 40 
the gist portion of the semiconductor device; 
FIG. 25B is a cross sectional view along the line 

III- Ill shown in FIG. 24 showing a second example 
of the gist portion of the semiconductor device; 

FIG. 26 is a cross sectional view showing the con- <*5 
struction of a semiconductor device according to a 
fourth embodiment of the present invention; 
FIG. 27A is a cross sectional view along the line 

IV- I V shown in FIG. 26 showing a first example of 
the gist portion of the semiconductor device; 50 
FIG. 27B is a cross sectional view along the line 
IV-IV shown in FIG. 26 showing a second example 

of the gist portion of the semiconductor device; 
FIGS. 28 to 32 are cross sectional views collectively 
showing a method of manufacturing a semiconduc- 55 
tor device according to the fourth embodiment of the 
present invention; 

FIG. 33A is a cross sectional view showing a first 



connection mode of an inductance element accord- 
ing to the fourth embodiment of the present inven- 
tion; 

FIG. 33B is an equivalent circuit diagram corre- 
sponding to the connection mode of the inductance 
element shown in FIG. 33A; 
FIG. 34A is a cross sectional view showing a sec- 
ond connection mode of an inductance element ac- 
cording to the fourth embodiment of the present in- 
vention; 

FIG. 34B is an equivalent circuit diagram corre- 
sponding to the connection mode of the inductance 
element shown in FIG. 34A; 
FIG. 35A is a cross sectional view showing a third 
connection mode of an inductance element accord- 
ing to the fourth embodiment of the present inven- 
tion; 

FIG. 35B is an equivalent circuit diagram corre- 
sponding to the connection mode of the inductance 
element shown in FIG. 35A; 
FIG. 36A is a cross sectional view showing a fourth 
connection mode of an inductance element accord- 
ing to the fourth embodiment of the present inven- 
tion; 

FIG. 36B is an equivalent circuit diagram corre- 
sponding to the connection mode of the inductance 
element shown in FIG. 36A; 
FIG. 37 is a cross sectional view showing the con- 
struction of a semiconductor device according to a 
fifth embodiment of the present invention; 
FIG. 38 is a cross sectional view showing the con- 
struction of a semiconductor device according to a 
sixth embodiment of the present invention; 
FIG. 39 is a cross sectional view showing the con- 
struction of a semiconductor device having the pas- 
sive elements of the various embodiments of the 
present invention arranged therein; 
FIG. 40 is a cross sectional view showing the con- 
struction of a conventional semiconductor device; 
and 

FIG. 41 is a cross sectional view of the conventional 
semiconductor device along the line V-V shown in 
FIG. 40. 

[001 6] The construction and the manufacturing meth- 
od of a semiconductor device of the present invention 
will now be described in detail with reference to the ac- 
companying drawings showing preferred embodiments 
of the present invention. 

<First Embodiment 

[0017] FIG. 1 is a cross sectional view showing a sem- 
iconductor device 200 according to a first embodiment 
of the present invention. Also, FIGS. 2A and 2B show 
the gist portions of the semiconductor device in the 
cross section along the line l-l shown in FIG. 1 except 
a sealing film 17. 
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[0018] The semiconductor device 200 according to 
the first embodiment of the present invention comprises 
a plurality of connection pads 12 consisting of, for ex- 
ample, aluminum electrodes formed to surround a cir- 
cuit element-forming region DA on the front side (circuit 
side) of a semiconductor substrate 11 , a passivation film 

13 consisting of silicon oxide or silicon nitride and 
formed oh the side of the upper surface of the connec- 
tion pads 12 in a manner to expose the central portion 
of each of the connection pads 12, and a protective film 

14 formed on the upper surface of the passivation film 
13, hereinafter referred to as a first protective film 14, 
like the conventional semiconductor device 1 0 shown in 
FIGS. 40 and 41. A conductive layer 15 (hereinafter re- 
ferred to as first conductive layer 15) connected to the 
connection pad 12 is formed on the first protective film 
14. 

[0019] The semiconductor device 200 according to 
the first embodiment of the present invention also com- 
prises a plurality of conductive layers 20, hereinafter re- 
ferred to as second conductive layers 20, formed above 
the first conductive layers 15 and a plurality of dielectric 
material layers 18 interposed between the first conduc- 
tive layers 15 and the second conductive layers 20. 
What should be noted is that the semiconductor device 
200 according to the first embodiment of the present in- 
vention is featured in that these first and second con- 
ductive layers 15, 20 and the dielectric material layers 
18 interposed between the first and second conductive 
layers 1 5 and 20 collectively form capacitance elements 
C providing a plurality of thin film passive elements. The 
thin film passive element represents a passive element 
formed on the first protective layer 14 and including at 
least one conductive layer in the form of a thin film. To 
be more specific, the thin film passive element repre- 
sents a capacitance element in the first embodiment of 
the present invention and in the second to third embod- 
iments described herein later and an inductance ele- 
ment in each of the fourth to sixth embodiments of the 
present invention described herein later. What should 
be noted is that the thin film passive element is com- 
bined with, for example, a circuit element in the circuit 
element-forming region DA so as to constitute a wireless 
l/F function. Also, the thin film passive element in the 
present invention is not limited to those exemplified 
above and includes, for example, a thin film transformer, 
a thin film SAM (Surface Acoustic Wave) filter, a micro 
strip line, and an MMIC (Microwave Monolithic Integrat- 
ed Circuit). 

[0020] Also, a plurality of straight-shaped posts 16 or 
columnar electrodes for connection to the external cir- 
cuit, which are equal to those included in the conven- 
tional semiconductor device shown in FIGS. 40 and 41 , 
are formed in predetermined positions on the conduc- 
tive layers 20. Also, the post 16 is formed in a height of 
at least 50 pm and typically about 1 00 to 1 50 urn. 
[0021] Further, a protective film 19, hereinafter re- 
ferred to as a second protective film 19, is formed to 



surround the capacitance element C so as to electrically 
insulate the capacitance element C from the other mem- 
bers of the semiconductor device. 
[0022] Incidentally, where the dielectric material layer 

5 18 is not formed between the first conductive layer 15 
and the second conductive layer 20 and, thus, the ca- 
pacitance element C is not formed, the post 1 6 is formed 
on the first conductive layer 15 with the second conduc- 
tive layer 20 interposed therebetween. 

10 [0023] The sealing film 17 consisting of a resin mate- 
rial such as a polyimide resin or an epoxy resin is formed 
between the adjacent posts 16, and an oxide film is re- 
moved from the edge surface 16a of the post 16 and a 
metallizing treatment such as a solder printing is applied 

15 to the exposed edge surface 1 6a so as to form a terminal 
portion for connection to the external circuit. 
[0024] The capacitance value of the capacitance ele- 
ment C formed by the resultant structure is determined 
by the relative dielectric constant, thickness and area of 

20 the dielectric material forming the dielectric materiallay- 
er 18. The dielectric material forming the dielectric ma- 
terial layer 1 8 includes, for example, barium titanate and 
tantalum titanate. 

[0025] The capacitance element C formed in the cir- 
25 cuit element-forming region DA of the semiconductor 
substrate 11 by the construction described above can 
be arranged in various modes, as required. For exam- 
ple, as shown in FIG. 2A, it is possible to increase the 
area of the single dielectric material layer 18 so as to 
30 form the capacitance element C of a large capacitance 
as shown in FIG. 2A. Alternatively, it is also possible to 
arrange a plurality of capacitance elements C on the- 
semiconductor substrate 11, as shown in FIG. 2B. 
[0026] FIGS. 3 to 1 0 are cross sectional views collec- 
35 tively showing a method of manufacturing the semicon- 
ductor device 200 according to the first embodiment of 
the present invention. The manufacturing method of the 
semiconductor device 200 will now be described with 
reference to these drawings. 
40 [0027] Incidentally, in the manufacturing method of 
the semiconductor device according to various embod- 
iments of the present invention, a wiring layer, a capac- 
itance element, an inductance element, etc. are formed 
on a semiconductor wafer 100, followed by finally divid- 
es ing the semiconductor wafer 100 for each chip so as to 
form the semiconductor substrate 11 , thereby manufac- 
turing the semiconductor device 200, as described here- 
in later. 

[0028] In the manufacturing method according to the 
so first embodiment of the present invention, a passivation 
film 13 consisting of, for example, silicon oxide or silicon 
nitride is formed first on the side of the upper surfaces 
of a plurality of connection pads 1 2 consisting of, for ex- 
ample, aluminum electrodes formed in the chip-forming 
55 regions on the circuit side of the semiconductor wafer 
100, as shown in FIG. 3. Then, a first protective film 14 
is formed on the upper surface of the passivation film 
13 in a manner to form an opening in the central portion 
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of each of the connection pads 12. The first protective 
film 14 is formed by, for example, coating the entire sur- 
face on the side of the circuit of the semiconductor wafer 
100 with a polyimide series resin material and curing the 
coated resin material, followed by applying a resist pat- 
terning and a protective film patterning by using an etch- 
ing solution and subsequently peeling off the resist. It is 
also possible to employ a printing method using a 
squeegee or a coating method utilizing an ink ejection 
from a nozzle for forming the first protective film 1 4. Also, 
the material of the protective film is not limited to the 
polyimide series resin material. Specifically, an epoxy 
series resin material, PBO (benzaoxidole series), etc. 
can also be used as the material of the protective film. 
[0029] Then, a first conductive layer 15 is formed on 
the connection pads 12 exposed via the open portions 
formed in the first protective film 14 and the first protec- 
tive films 14, as shown in FIG. 4. For forming the first 
conductive layer 15, a UBM (under bump metal) layer 
(not shown) is deposited by, for example, a sputtering 
method on the entire surface of the first protective film 
14 including the exposed surfaces of the connection 
pads 12, followed by coating and curing a photoresist 
film for an conductive layer. Then, the cured photoresist 
film is patterned by a photolithography technology to 
form openings of a predetermined shape, followed by 
applying an electroplating to the portion opened by the 
resist, thereby forming the first conductive layer 15. 
[0030] It is also possible to employ an electroless plat- 
ing method for forming the first conductive layer 15. The 
wiring material used for forming the conductive layer in- 
cludes, for example, copper, aluminum and gold having 
good conductive properties. 

[0031] In the next step, a dielectric material layer 18 
is formed in a capacitance element-forming region on 
the first conductive layer 15, as shown in FIG. 5. The 
dielectric material layer 18 can be formed by, for exam- 
ple, forming a resist pattern, followed by depositing a 
dielectric material layer in a predetermined thickness by 
a sputtering method. 

[0032] Then, a second protective film 19 serving to 
electrically isolating the dielectric material layer from the 
other layers is formed, followed by patterning the sec- 
ond conductive layer 19 to form openings in the portion 
where a second conductive layer 20 is to be formed and 
the portion where to the cutting for the dicing is applied, 
as shown in FIG. 6. The second protective film 19 can 
be formed as in the formation of the first protective layer 
14. Specifically, after the entire surface on the side of 
the circuit of the semiconductor wafer 100 is coated with, 
for example, a polyimide series resin material and the 
resin material coating is cured, a resist patterning and 
a protective film patterning are applied to the cured resin 
material by using an etching solution and subsequently 
peeling off the resist layer. 

[0033] In the next step, the second conductive layer 
20 is formed so as to form a conductive portion electri- 
cally connected to the first conductive layer 1 5 exposed 



via the opening formed in the second protective film 19 
and also electrically connected to the dielectric material 
layer 1 8 formed on the upper surface of the first conduc- 
tive layer 15 so as to form a conductive layer portion 

5 forming a capacitance element, as shown in FIG. 7. The 
second conductive layer 20 can be formed by forming 
a resist pattern first, followed by applying an electroplat- 
ing as in the formation of the first conductive layer 15. 
[0034] Then, a plurality of posts 1 6 or columnar elec- 

10 trodes are formed in predetermined positions on the 
conductive layers 20, as shown in FIG. 8. The posts 16 
can be formed as in the conventional method. Specifi- 
cally, a photoresist for forming the posts is coated in a 
thickness of about, for example, at least 50 urn, and typ- 

15 ically 100 to 150 urn and, then, the coated photoresist 
is cured, followed by forming openings exposing prede- 
termined positions of the second conductive layer 20 
and subsequently applying an electroplating to the 
openings thus formed, it is also possible to employ an 

20 electroless plating or a stud bump method for forming 
the posts 16. The materials used for forming the posts 
1 6 include, for example, copper, solder, gold and nickel 
having good conductive properties. Where a solder is 
used as a material for forming the post 16, it is possible 

25 to form a spherical electrode by applying a reflow treat- 
ment after the soldering step. Also, in the case of form- 
ing the post 16 by using a solder material, it is also pos- 
sible to employ a printing method in addition to the meth- 
ods pointed out above. 

30 [0035] In the next step, a sealing film 17 is formed on 
the entire front surface on the front side (circuit side) of 
the semiconductor wafer 100 in a manner to cover the 
posts 16 by, for example, a molding method by using a 
resin material such as a polyimide resin or an epoxy res- 

35 in, as shown in FIG. 9. It is desirable to form the sealing 
film 17 by using a resin material substantially equal in 
the main component to the resin material used for form- 
ing the first protective film 14 and the second protective 
film 19 in order to ensure a reliability relative to the 

40 change in the environment. Incidentally, it is also possi- 
ble to employ, for example, a printing method, an immer- 
sion method, a spin coating method and a die coating 
method for forming the sealing film 17. 
[0036] Further, the upper surface of the sealing film 

45 1 7 is polished and cut so as to expose the edge surface 
16a of the post 16, followed by removing an oxide film 
from the surface of the edge surface 16a and applying 
a metallizing treatment such as a solder printing treat- 
ment to the edge surface 16a of the post 1 6, as shown 

50 in FIG. 10. 

[0037] Then, a dicing is applied along predetermined 
cut lines CL corresponding to the chip-forming regions 
so as to divide the semiconductor wafer 100 into the in- 
> dividual chip-forming regions and, thus, to form the in- 

55 dividual semiconductor substrates 11 , thereby forming 
the semiconductor device 200 shown in FIG. 1. 
[0038] In the semiconductor device 200 of the con- 
struction described above, one or more capacitance el- 
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ements are formed in the circuit element-forming region 
DA. Thus, it is possible to arrange the capacitance ele- 
ments in various modes on the circuit element-forming 
region DA in accordance with the modes of arrangement 
of the second conductor layer re-wiring 20 and the posts 5 
16. FIGS. 11 A to 15A are cross sectional views showing 
the connection modes of the capacitance elements C in 
accordance with the modes of arrangement of the sec- 
ond conductive layer 20 and the posts 16 in the semi- 
conductor device 200, and FIGS. 11B to 15B show the 10 
corresponding equivalent circuit diagrams. 
[0039] FIG. 11 A shows the first connection mode of 
the capacitance element in the first embodiment of the 
present invention, covering the case where the dielectric 
material layer 18 is formed on the first conductive layer is 
15 connected to the connection pad 12-2, and the sec- 
ond conductive layer 20 is stacked via the first conduc- 
tive layer 15 connected to the connection pad 12-3 so 
as to form the capacitance element C, and the post 16 
is not formed on the second conductive layer 20 forming 20 
a capacitance element, the second conductive layer 20 
is formed in direct contact with the first conductive layer 
15 not involved in the formation of the capacitance ele- 
ment, and the post 16 is formed on the second conduc- 
tive layer 20 so as to be connected to an external con- 25 
nection terminal T1. 

[0040] Concerning the equivalent circuit, both ends of 
the capacitance element C are connected to only the 
circuit element in the circuit element-forming region DA, 
as shown in FIG. 11B. 30 
[0041] FIG. 12A shows a second connection mode of 
the capacitance element in the first embodiment of the 
present invention, covering the case where the dielectric 
material layer 18 is formed on each of the first conduc- 
tive layers 15 connected to the connection pads 12-1 35 
and 12-2 and the second conductive layer 20 is stacked 
on each of these dielectric material layers 18 so as to 
form the capacitance element C, and the post 16 is 
formed on each of the second conductive layers 20 so 
as to be connected to each of the external connection *o 
terminals T1 and T2. Incidentally, the second conductive 
layer 20 is formed in direct contact with the first conduc- 
tive layer 15 not involved in the formation of the capac- 
itance element so as to be connected to an external con- 
nection terminal T3. 45 
[0042] Concerning the equivalent circuit, one end of 
each of the capacitance elements C is connected to the 
circuit element in the circuit element-forming region DA, 
and the other ends of these capacitance elements C are 
connected to the external connection terminals T1 and so 
T2, as shown in FIG. 12B. 

[0043] FIG. 1 3 A shows a third connection mode of the 
capacitance element in the first embodiment of the 
present invention, covering the case where the dielectric 
material layers 18 are formed in two points on the first 55 
conductive layer 15 connected to the connection pad 
12-3 and the second conductive layers 20 are stacked 
on these dielectric layers 18 so as to form two capaci- 



tance elements C arranged in parallel, and the post 16 
is formed on each of the second conductive layers 20 is 
formed so as to be connected to the external connection 
terminals T2 and T3. Incidentally, the post 16 is formed 
on the first conductive layer 15 not involved in the for- 
mation of the capacitance element via th^e second con- 
ductive layer 20 formed in direct contact with the first 
conductive layer 15 so as to be connected to the exter- 
nal connection terminal T1 . 

[0044] Concerning the equivalent circuit, one end of 
each of the two capacitance elements C is commonly 
connected to the circuit element in the circuit element- 
forming region DA, and the other ends of these capac- 
itance elements C are connected to the external con- 
nection terminals T2 and T3, as shown in FIG. 13B. 
[0045] F|G. 14A shows a fourth connection mode of 
the capacitance element in the first embodiment of the 
present invention, and covers the case where the die- 
lectric material layer 1 8 is formed on the first conductive 
layer 15 connected to the connection pad 12-2 and the 
second conductive layer 20 is stacked on the dielectric 
material layer 18 so as to form the capacitance element 
C, and the post 16 is formed on the second conductive 
layer 20 so as to be connected to the external connec- 
tion terminal T2. Incidentally, the posts 16 are formed 
on the first conductive layers 15, which are not involved 
in the formation of the capacitance element, with the 
second conductive layers 20 interposed therebetween, 
so as to be connected to the external connection termi- 
nals T1 and T2. 

[0046] Concerning the equivalent circuit, one end of 
the capacitance element C is connected to the circuit 
element of the circuit elementrforming region DA, with 
the other end being connected to the external connec- 
tion terminal T2, as shown in FIG. 14B. 
[0047] FIG. 15A shows a fifth connection mode of the 
capacitance element in the first embodiment of the 
present invention, and covers the case where the die- 
lectric material layer 1 8 is formed on the first conductive 
material layer 15 connected to the connection pad 12-2 
and the second conductive layer 20, which is connected 
to the connection pad 12-3 via the first conductive layer 
15, is stacked on the dielectric material layer 18 so as 
to form the capacitance element C, and the post 16 is 
formed on the second conductive layer 20 so as to be 
connected to the externa! connection terminal T3. Inci- 
dentally, the post 16 is formed on the first conductive 
layer 15, which is not involved in the formation of the 
capacitance element C, with the second conductive lay- 
er 20 interposed therebetween so as to be connected 
to the external connection terminal T1 . 
[0048] Concerning the equivalent circuit, one end of 
the capacitance element C is connected to the circuit 
element included in the circuit element-forming region 
DA and the other end of the capacitance element C is 
also connected to the circuit element of the circuit ele- 
ment-forming region DA and to the external connection 
terminal T3, as shown in FIG. 15B. 
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[0049] Needless to say, it is possible to employ the 
various connection modes shown in FIGS. 11 A to 15A 
in a single apparatus in combination. 
[0050] As described above, according to the first em- 
bodiment of the present invention, the capacitance ele- 
ment C is formed in the circuit element-forming region 
DA so as to form the capacitance element C in a three 
dimensional direction and to be capable of connection 
to the circuit element, making it possible to mount the 
capacitance element without inviting an increase in the 
chip area. It follows that it is possible to diminish the chip 
area. In addition, in the case of forming a module 
equipped with , for example, the wireless l/F function , the 
particular construction of the present invention contrib- 
utes to the miniaturization of the module size because 
the capacitance element, which was required to be 
mounted outside the chip in the past, can be mounted 
within the chip. 

[0051] Incidentally, in the first embodiment described 
above, the dielectric material layer 18 is of a single layer 
structure. However, it is also possible to prepare a 
stacked structure by alternately stacking, for example, 
the dielectric layers 18 and the second conductive lay- 
ers 20 so as to form a plurality of capacitance elements. 
In this case, it is possible to connect the plural capaci- 
tance elements in parallel or in series by the patterns of 
the plural second conductive layers 20 that are alter- 
nately stacked. 

[0052] Also, in order to suppress the influences given 
by the capacitance element to the other conductive lay- 
ers, i.e., the influences such as the crosstalk caused by 
the stray capacitance and the parasitic capacitance, it 
is desirable to arrange a ground layer made of the ma- 
terial equal to that of the first conductive layer 15 or the 
second conductive layer 20 in a position in the vicinity 
of the plane flush with the first conductive layer 15 or 
the second conductive layer 20. 

[0053] Further, in the first embodiment of the present 
invention, the dielectric material layer 18 is formed on 
the first conductive layer 15 for forming the capacitance 
element. Alternatively, it is possible to mix the dielectric 
material in, for example, the second protective film 19 
to allow the second protective film 19 to also perform 
the function of the dielectric material layer 18. 

<Second Embodiment^ 

[0054] FIG. 16 is a cross sectional view showing a 
semiconductor device 200 according to a second em- 
bodiment of the present invention, and FIGS. 17A and 
17B are cross sectional views along the line I Ml' shown 
in FIG. 16 showing the gist portions of the semiconduc- 
tor device 200 excluding the sealing film 17. 
[0055] On the other hand, FIGS. 18 and 19 are cross 
sectional views showing the construction and the man- 
ufacturing process of the semiconductor device 200 ac- 
cording to the second embodiment of the present inven- 
tion. In these drawings, the members of the semicon- 



ductor device common with those of the semiconductor 
device according to the first embodiment of the present 
invention described above are denoted by the same ref- 
erence numerals so as to avoid the overlapping descrip- 
5 tion. 

[0056] In the second embodiment of the present in- 
vention, the conductive layers 15 are arranged a prede- 
termined distance apart from each other on the first pro- 
tective layer 14, and the dielectric material layer 18 is 

10 formed in the clearance between adjacent conductive 
layers 15 in a manner to abut against the edge surfaces 
of the conductive layer 15, as shown in FIG. 16. As a 
result, the capacitance element C is formed such that 
the dielectric material layer 18 is sandwiched between 

15 the edge surfaces acting as electrodes of the conductive 
layer 15. In other words, the capacitance element C is 
formed in a planar configuration. The posts 16 are 
formed on the conductive layers 15 so as to be connect- 
ed to the external connection terminals T1 to T3. 

20 , [0057] The capacitance value of the capacitance ele- 
ment C of the construction described above is deter- 
mined by the relative dielectric constant, thickness and 
area of the dielectric material forming the dielectric ma- 
terial layer 18, as in the first embodiment of the present 

25 invention described previously. The dielectric materials 
forming the dielectric material layer 18JncJude, for ex- 
ample, barium titanate and tantalum titanate. 
[0058] The capacitance element C formed in a planar 
direction in the circuit element-forming region DA can 

30 be arranged in various modes. For example, as shown 
in FIG. 17A, it is possible to increase the areas of the 
edge surfaces of the conductive layer 15 and the die- 
lectric material layer 18 so as to form the capacitance 
element having a large capacitance, it is also possible 

35 to arrange side by side a plurality of capacitance ele- 
ments C as shown in FIG. 17B. 

[0059] The manufacturing process of the semicon- 
ductor device 200 according to the second embodiment 
of the present invention will now be described with ref- 

40 erence to FIGS. 18 and 19. The manufacturing process 
according to the second embodiment differs from the 
manufacturing process according to the first embodi- 
ment in that, in the second embodiment of the present 
invention, after a plurality of conductive layers 15 are 

45 arranged adjacent to each other on the first protective 
film 14, the dielectric material layer 18 is formed in the 
clearance between one end of the conductive layer 15 
and the other end of the adjacent conductive layer 15, 
followed by forming the second conductive film 19. 

so [0060] To be more specific, in the manufacturing proc- 
ess according to the second embodiment of the present 
invention, a passivation film 13 is formed first on the up- 
per surface of the connection pads 12 on the semicon- 
ductor wafer 100 in a manner to expose the central por- 

55 tion of each of the connection pads 1 2, followed by form- 
ing the first protective film 14 on the upper surface of 
the passivation film 1 3 in a manner to expose the central 
portion of each of the connection pads 12 as in FIG. 3 
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in the first embodiment, as shown in- FIG/18. Then, the 
conductive film 15 is formed on the connection pads 12 
exposed by the openings formed in the first protective 
film 14. For forming the conductive layer 15, a UBM layer 
(riot shown) is deposited by, for example, a UBM sput- 
tering treatment on the entire surface of the first protec- 
tive film 14, followed by coating of a photoresist for a 
conductive layer arid curing the coated photoresist. 
Then, a patterning having openings of a predetermined 
shape is applied by a photolithography technology, fol- 
lowed by applying an . electroplating to the portion 
opened by the resist, thereby forming the conductive 
layer 15. In this case, a clearance for forming the die- 
lectric material layer 18 is formed between the adjacent 
conductive layers 15on the first protective film 14. Then, 
the dielectric material layer 1 8 is formed in the clearance 
between the conductive layers 15. The dielectric mate- 
rial layer 18 is formed by forming a pattern of, for exam- 
ple, a resist, followed by depositing a dielectric material 
in a predetermined thickness by a sputtering method. 
[0061] In the next step, the secorid protective film 1 9 
serving to electrically insulate the dielectric material lay- 
er 18 from the other layers is formed as in FIG. 6 in the 
first embodiment, as shown in FIG. 19, followed by form- 
ing the posts 16 electrically connected to the conductive 
layers 15 via the opening formed in the second protec- 
tive film 19 as in FIG. 8 for the first embodiment. Then, 
the sealing film 17 is formed in a manner to cover the 
posts 16 as in FIGS. 9 and 10 for the first embodiment, 
followed by cutting and polishing the upper edge surface 
of the sealing film 17 so as to expose the edge surfaces 
16a of the posts 16. Further, an oxide film is removed 
from the surface of the edge surface 16a, followed by 
applying a metallizing treatment such as a solder print- 
ing. Further, dicing is applied along the cut lines CL cor- 
responding to the chip.forming regions so as to divide 
the semiconductor wafer 100 into the individual chip 
forming regions, thereby forming the individual semi- 
conductor substrates 11 . In this fashion, it is possible to 
obtain the semiconductor device 200 of the construction 
shown in FIG. 16. As described above, in the second 
embodiment of the present invention, the capacitance 
element or elements are formed in a planar configura- 
tion, making it possible to decrease the number of proc- 
ess steps, compared with the first embodiment in which 
the capacitance element is formed in a three dimension- 
al direction. It follows that it is possible to lower the man- 
ufacturing cost of the semiconductor device. 
[0062] In the semiconductor device 200 of the con- 
struction described above, the capacitance element C 
is formed in a planar configuration such that the dielec- 
tric layer 1 8 is sandwiched between the adjacent pieces 
of the conductive layer 1 5. As a result, the capacitance 
element C can be connected to the circuit element in the 
circuit element-forming region DA in various modes in 
accordance with the modes of arrangement of the con- 
ductive layer 15 and the posts 16. FIGS. 20Ato23Aare 
cross sectional views showing the connection modes of 



the capacitance element C in accordance . with the 
modes of arrangement of the conductive layers 15 and 
the posts 16 in the semiconductor device 200. On the 
other hand, FIGS. 20B to 23B show the corresponding 
5 equivalent circuit diagrams. 

[0063] FIG. 20A shows the first connection mode of 
the capacitance element in the second embodiment of 
the present invention, covering the case where the die- 
lectric material layer 18 is formed in the clearance be- 
to tween the adjacent pieces of the conductive layer 15 so 
as to form the capacitance element C, and the post 16 
, is formed in each piece of the conductive layer 15 so as 
to permit the conductive layer 15 to be connected to the 
external connection terminals T1 and T2. Incidentally, 
15 the post 16 is formed on the piece of the conductive layer 
15, which is not involved in the formation of the capac- 
itance element, so as to be connected to the external 
connection terminal T3. 

[0064] Concerning the equivalent circuit, the both 
20 ends of the capacitance element C are connected to on- 
ly the external connection terminals T1 and T2, respec- 
tively, as shown in FIG. 2 0B. 

[0065] FIG. 21A shows the second connection mode 
of the capacitance element in the second embodiment 

25 of the present invention, covering the case where the 
dielectric material layer 18 is formed in the clearance 
between the pieces of the conductive layer 1 5 which are 
connected to the connection pads 12-1 and 12-2, and 
the post 16 is not formed on the piece of the conductive 

30 layer 15 involved in the formation of the capacitance el- 
ement C. Incidentally, the post 1 6 is formed on the piece 
of the conductive layer 15, which is not involved in the 
formation of the capacitance element, so as to be con- 
nected to the external connection terminal T3. 

35 [0066] Concerning the equivalent circuit, both the 
ends of the capacitance element C are connected to on- 
ly the circuit element of the circuit element-forming re- 
gion DA, as shown in FIG. 21B. 

[0067] FIG. 22A shows the third connection mode of 

40 the capacitance element in the second embodiment of 
the present invention, covering the case where the die- 
lectric material layer 1 8 is arranged in the clearance be- 
tween those pieces of the adjacent conductive layers 15 
which are connected to the connection pads 12-1 and 

45 1 2-2 so as to form the capacitance element C, and the 
posts 16 are formed on those pieces of the conductive 
layers 15 which are involved in the formation of the ca- 
pacitance element C so as to be connected to the ex- 
ternal connection terminals T1 and T2. Incidentally, the 

50 ports or post 16 is also formed on that the conductive 
layers or layer 1 5, which is. not involved in the formation 
of the capacitance element, so as to be connected to 
the external connection terminal terminals or T3. 
[0068] Concerning the equivalent circuit, the both 

55 ends of the capacitance element C are connected to the 
circuit element in the circuit element-forming region DA 
and to the external connection terminals T1 and T2, as 
shown in FIG. 22B. 
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[0069] FIG. 23 A shows the fourth connection mode of 
the capacitance element in the second embodiment of 
the present invention, covering the case where the die- 
lectric material layer 18 is formed in the clearance be- 
tween those pieces of the conductive layers 15 which 
are connected to the connection pad 12-1 and the con- 
nection pad 12-2, respectively, so as to form the capac- 
itance element C, and the post 16 is formed on one of 
these pieces of the conductive layers 15 which are con- 
nected to the connection pads 12-1 and 12-2 so as to 
be connected to the external connection terminal T2. In- 
cidentally, the post 16 is also formed on that piece of the 
conductive layer 15 which is not involved in the forma- 
tion of the capacitance element C so as to be connected 
to the external connection terminal T3. 
[0070] Concerning the equivalent circuit, one end of 
the capacitance element C is connected to the circuit 
element in the circuit element-forming region DA, with 
the other end being connected to both the circuit ele- 
ment in the circuit element-forming region DA and the 
external connection terminal T2, as shown in FIG. 23B. 
[0071] Needless to say, it is possible for the various 
connection modes shown in FIGS. 20A to 23A to be 
present in a mixed fashion. 

[0072] As described above, according to the second 
embodiment of the present invention, a planar capaci- 
tance element is formed in the circuit element-forming 
region DA in a three dimensional direction so as to be 
connected to the circuit element The particular con- 
struction makes it possible to mount the capacitance el- 
ement without increasing the chip area. As a result, it is 
possible to diminish the chip area. What should also be 
noted is that, since the capacitance element, which was 
required to be mounted outside the chip in the prior art, 
can be mounted within the chip in the case of construct- 
ing a module equipped with, for example, the wireless 
l/F function, the particular construction of the present 
invention contributes to the miniaturization of the mod- 
ule size. 

[0073] Also, in order to suppress the influences given 
by the capacitance element to the other conductive lay- 
ers, i.e., the influences such as the crosstalk caused by 
the stray capacitance and the parasitic capacitance, it 
is desirable to arrange a ground layer made of the ma- 
terial equal to that of the conductive layer 1 5 in a position 
in the vicinity of the plane flush with the conductive layer 
15. 

<Third Embodiment 

[0074] FIG. 24 is a cross sectional view showing the 
semiconductor device 200 according to a third embod- 
iment of the present invention, with FIGS. 25A and 25B 
showing the gist portion of the semiconductor device 
200 excluding the sealing layer 17 in the cross section 
along the line Ill-Ill shown in FIG. 24. 
In these drawings, the members of the semiconductor 
device common with those of the semiconductor device 



according to the first embodiment of the present inven- 
tion are denoted by the same reference numerals so as 
to avoid an overlapping description. 
[0075] The semiconductor device according to the 

5 third embodiment of the present invention comprises a 
plurality of the conductive layers 15 arranged adjacent 
to each other on the first protective layer 14 and posts 
16b arranged adjacent to each other on the conductive 
layers 15. What should be noted is that the dielectric 

10 material layer 18 is formed in the clearances between 
the opposite sides of the adjacent conductive layers 15 
and between the adjacent posts 1 6b. in other words, the 
dielectric material layer 18 forming the thin film passive 
element is sandwiched between the adjacent the con- 

*5 ductive layers 15 and between the adjacent posts 16b 
so as to form a planar capacitance element C. In this 
case, each of the posts 16b having the dielectric mate- 
rial layer 18 sandwiched therebetween is preferably 
formed in the shape of a column having a rectangular 

20 cross section or in the shape of a plate. The particular 
construction makes it possible to increase the area of 
the dielectric material layer 18, compared with the sec- 
ond embodiment described previously, so as to increase 
the capacitance value of the capacitance element C. In- 

25 cidentally, it is possible for the dielectric material layer 
18 to be sandwiched between the plate-like posts 16b 
alone. 

[0076] The planar capacitance element C thus formed 
can be arranged in various modes on the chip in aceord- 

30 ance with the shapes of the conductive layer 15 and the 
posts 16b having the dielectric material layer 18 sand- 
wiched therebetween. For example, it is possible to form 
the posts 16b in the shape of slender plates and to ar- 
range the capacitance element C on the chip in the 

35 mode shown in FIG. 25A. It is also possible to arrange, 
for example, the plate-like posts 16b in a manner to sur- 
round the periphery of the chip and to arrange the ca- 
pacitance element C to surround the periphery of the 
chip, as shown in FIG. 25B. Where the capacitance el- 

40 ement C is arranged as shown in FIG. 25A or 25B, it is 
possible to further increase the area of the dielectric ma- 
terial layer 18 so as to make it possible to form the ca- 
pacitance element C having a large capacitance. 
[0077] In the semiconductor device 200 of the con- 

45 struction described above, it is possible to connect the 
capacitance element C to the circuit element of the cir- 
cuit element-forming region DA in various modes, as in 
the second embodiment of the present invention de- 
scribed previously. Needless to say, it is possible to con- 

50 nect the capacitance element C in a mixed fashion of 
these various connecting modes. 
[0078] As described above, according to the third em- 
bodiment of the present invention, the dielectric material 
layer 18 is sandwiched between the adjacent the con- 

55 ductive layers 15 and between the adjacent posts 16b 
so as to form a planar capacitance element. The partic- 
ular construction makes it possible to mount a capaci- 
tance element larger than that in the second embodi- 
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merit. It follows that it Is possible to further miniaturize 
the chip area. It is also possible to further miniaturize 
the module size in the case of constructing a module 
equipped with, for example, the wireless l/F function. 

<Fourth Embodiment 

[0079] FIG. 26 is a cross sectional view showing the 
semiconductor device 200 according to a fourth embod- 
iment of the present invention, with FIGS. 27A and 27B 
showing the gist portion of the semiconductor device 
200 excluding the sealing layer 17 in the cross section 
along the line IV-IV shown in FIG. 26. In these drawings, 
the members of the semiconductor device common with 
those of the semiconductor device according to the first 
embodiment of the present invention are denoted by the 
same reference numerals so as to avoid an overlapping 
description. 

[0080] The semiconductor device 200 according to 
the fourth embodiment of the present invention compris- 
es the conductive layers 1 5 connected to the connection 
pads 1 2 and a conductive layer 2 1 patterned to generate 
an inductance component, each of these conductive 
layers 15 and 21 being formed on the first protective lay- 
er 14, as shown in FIG. 26. As a result, an inductance 
element L acting as a thin film passive element is formed 
in the semiconductor device 200. 
[0081] In the case of the construction shown in FIG. 
26, one end of the inductance element L is connected 
to the connection pad 12 via the conductive layer 21 so 
as to be connected to the circuit element in the circuit 
element-forming region DA, and the post 16 is formed 
in contact with the conductive layer 21. On the other 
hand, the post 16 is formed on the side of the other end 
of the inductance element L. 

[0082] The conductive layer 21 forming the induct- 
ance element is shaped to generate the inductance 
component. For example, the conductive layer 21 is 
shaped like, for example, an angular eddy form, a rec- 
tangular wave form or a loop form. 
[0083] The inductance element L of the particular con- 
struction, which is formed in the circuit element-forming 
region DA of the semiconductor substrate 11, can be 
arranged in various modes, as required. For example, 
it is possible to arrange the inductance element L, which 
is patterned in an angular eddy form and formed in a 
relatively large size in a manner to have a relatively large 
inductance component, as shown in FIG. 27A. It is also 
possible to arrange a plurality of inductance elements L 
side by side as shown in FIG. 27B. 
[0084] FIGS. 28 to 32 are cross sectional views col- 
lectively showing the method of manufacturing the sem- 
iconductor device 200 according to the fourth embodi- 
ment of the present invention, the manufacturing meth- 
od will now be described with reference to these draw- 
ings. 

[0085] In the manufacturing method of the semicon- 
ductor device according to the fourth embodiment of the 



present invention, a passivation film 1 3 consisting of, for 
example, silicon oxide or silicon nitride is formed first on 
the upper surface of a plurality of connection pads 12 
consisting of, for example, aluminum electrodes formed 

5 in each chip-forming region in a manner to expose the 
central portion of each of the connection pads 12, fol- 
lowed by forming the first protective layer 14 on the up- 
per surface of the passivation film 13 in a manner to form 
an opening in the central portion of each connection pad 

10 12, as shown in FIG. 28. The first protective film 14 is 
formed by coating the entire surface on the circuit side 
of the semiconductor wafer 100 with a polyimide series 
resin material and, then, curing the coated resin mate- . 
rial, followed by peeling off the resist after a resist pat- 

15 terning and a protective film patterning are applied by 
using an etching solution. For forming the first protective 
layer 14, it is also possible to employ a printing method 
using a squeegee and a coating method utilizing an ink 
ejection from a nozzle. Also, the material of the protec- 

20 tive film is not limited to the polyimide series resin ma- 
terial. Specifically, it is also possible to use an epoxy se- 
ries resin material or PBO (benzaoxidole series) as a 
material of the protective film; 

[0086] In the next step, the first conductive layers or 

25 layer 15 and the conductive layers or layer 21 forming 
at least one inductance element L are formed on the 
connection pads 1 2 exposed through the open portions 
formed in the first protective film 14, as shown in FIG. 
29. For forming the conductive layer 15 and the conduc- 

30 tive layer 21, a UBM layer (not shown) is deposited oh 
the entire surface of the first protective film 14 by, for 
example, a UBM sputtering method, followed by coating 
. and curing a photoresist for each of the conductive layer 
15 and the conductive layer 21 for forming the induct- 

35 ance element. Then, a patterning of a predetermined 
shape is applied by the photolithography technology, fol- 
lowed by applying an electroplating to the portions 
opened by the resist. It is also possible to employ an 
electroless plating for forming the conductive layer 15 

40 and the conductive layer 21 for forming the inductance 
element L. , 

The wiring material used for forming the conductive lay- 
er includes, for example, copper, aluminum and gold 
each having good conductive properties. 

45 [0087] |n the next step, the posts 16 are formed in pre- 
determined positions on the conductive layer 15 and the 
conductive layer 21, as shown in FIG. 30. For forming 
the posts 16, a photoresist for the post formation is coat- 
ed in a thickness of, for example, at least 50 jxm and, 

50 typically 100 to 150 u.m, followed by curing the coated 
. photoresist. Then, open portions exposing predeter- 
mined positions of the conductive layer 15 and the in- 
ductance element L are formed in the cured photoresist, 
followed by applying an electroplating to the open por- 

55 tions noted above so as to form the posts 16. It is also 
possible to employ the electroless plating method and 
the stud bump method for forming the post 16. The ma- 
terial of the post 16 includes, for example, copper, a sol- 
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der, gold arid nickel each having good conductive char- 
acteristics. Where a solder is used as a material for 
forming the post 16, it is possible to form a spherical 
electrode by applying a reflow treatment to the solder. 
Also, in the case of forming the post 16 by using a solder, 
it is also possible to employ a printing method in addition 
to the method described above. 

[0088] In the next step, the sealing film 17 is formed 
by, for example, molding the entire circuit surface of the 
semiconductor wafer 100 with a resin material such as 
an epoxy resin in a manner to cover the posts 16, as 
shown in FIG. 31. In order to ensure the reliability con- 
forming with the change in the environment, it is desir- 
able for the sealing film 17 to be formed of a resin ma- 
terial having a main component substantially equal to 
that of the first protective film 14 described above. For 
forming the sealing film 17, it is possible to employ, for 
example, a printing method, a dipping method, a spin 
coating method or a die coating method. 
[0089] In the next step, the upper surface of the seal- 
ing film 17 is cut and polished so as to expose the edge 
surface 16a of the post 16, followed by removing the 
oxide film from the surface and, then, applying a metal- 
lizing treatment such as a solder plating to the edge sur- 
face 16a, as shown in FIG. 32. Further, dicing is applied 
along the cut lines CL conforming with the chip forming 
regions so as to divide the semiconductor wafer 100 into 
the individual chip forming regions, thereby forming the 
individual semiconductor substrates 11. In this fashion, 
the semiconductor device 200 of the construction as 
shown in FIG. 26 is obtained. 

[0090] In the semiconductor device 200 of the con- 
struction described above, the inductance element L is 
formed in the circuit element-forming region DA and, 
thus, the inductance element L can be arranged on the 
circuit element-forming region DA in various modes in 
accordance with the modes of arrangement of the con- 
ductive layer 21 and the posts 16. FIGS. 33Ato36Aare 
cross sectional views showing the connection modes of 
the inductance element L in accordance with the modes 
of arrangement of the conductive layer 21 and the posts 
16 in the semiconductor device 200. On the other hand, 
FIGS. 33B to 36B show the corresponding equivalent 
circuit diagrams. 

[0091] FIG. 33A shows the first connection mode of 
the inductance element in the fourth embodiment of the 
present invention, covering the case where the induct- 
ance element L is formed on the conductive layer 21 
connected to the connection pad 12-2, and the posts 16 
are formed on both edges of the conductor 21 so as to 
be connected to the external connection terminals T2 
and T3. The post 16 is also formed on the conductor 15, 
which is not involved in the formation of the inductance 
element, so as to be connected to the external connec- 
tion terminal T1 . 

[0092] Concerning the equivalent circuit, one end of 
the inductance element L is connected to the circuit el- 
ement in the circuit element-forming region DA and to 



the external connection terminal T3. The other end of 
the inductance element L is also connected to the ex- 
ternal connection terminal T2. 

[0093] FIG. 34A shows the second connection mode 
5 of the inductance element' according to the fourth em- 
bodiment of the present invention, covering the case 
where the both ends of the conductive layer 21 forming 
the inductance element L are connected to the connec- 
tion pad 12-2 and to the connection pad 12-3, respec- 
tively, and the posts 16 are mounted to the both edges 
of the inductance element L formed by the conductive 
layer 21 so as to be connected to the external connec- 
tion terminals T2, T3. Incidentally, the post 16 is also 
mounted to the conductive layer 15, which is not in- 
volved in the formation of the inductance element L, so 
as to be connected to the external connection terminal 
T1. 

[0094] Concerning the equivalent circuit, both ends of 
the inductance element L are connected to the circuit 
element in the circuit element-forming region DA and al- 
so connected to the external connection terminals T2 
< and T3, as shown in FIG. 34B. 
[0095] FIG. 35A shows the third connection mode of 
the inductance element according to the fourth embod- 
iment of the present invention, covering the case where 
the both ends of the conductive layer 21 forming the in- 
ductance element L are connected to the connection 
pad 12-2 and the connection pad 12-3, and the post 16 
is mounted to the conductive layer 15, which is not in- 
volved in the formation of the inductance element, so as 
to be connected to the external connection terminal T1. 
[0096] Concerning the equivalent circuit, both ends of 
the inductance element L are connected to only the cir- 
cuit element in the circuit element-forming region DA. 
[0097] FIG. 36A shows the fourth connection mode of 
the inductance element according to the fourth embod- 
iment of the present invention, covering the case where 
the posts 16 are mounted to both ends of the conductive 
layer 21 forming the inductance element L so as to be 
connected to the external connection terminals T2, T3, 
and the conductive layer 21 is not connected to the con- 
nection pad. Incidentally, the post 16 is mounted to the 
conductive layer 15, which is not involved in the forma- 
tion of the inductance element, so as to be connected 
to the external connection terminal T1. 
[0098] Concerning the equivalent circuit, one end and 
the other end of the inductance element L are connected 
to only the external connection terminals T2 and T3, as 
shown in FIG. 36B. 

[0099] Needless to say, it is possible for the various 
connection modes shown in FIGS. 33A to 36A to be em- 
ployed in combination. 

[0100] As described above, according to the fourth 
embodiment of the present invention, the inductance el- 
ement is stacked on the circuit element-forming region 
DA so as to be connected to the circuit element, making 
it possible to mount the inductance element without in- 
viting an increase in the chip area. 
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As a result, it is possible to diminish the chip area. In 
addition, the inductance element, which was required to 
be mounted outside the chip in the prior art, can be 
mounted within the chip so as to contribute to the mini- 
aturization of the module size in the case of constructing 
a module equipped with, for example, a wireless l/F 
function. 

[0101] In the fourth embodiment described above, the 
inductance element L is formed of the single conductive 
layer 21: However, it is also possible to form a plurality 
of inductance elements by forming a stacked structure, 
which is prepared by alternately stacking an insulating 
film and the conductive layer 21. 
[01 02] Also, in order to suppress the influences given 
by the inductance element to the other conductive lay- 
ers, i.e., the influences such as the crosstalk caused by 
the electromagnetic induction, it is desirable to arrange 
a ground layer made of the materia! equal to that of the 
conductive layer 21 in a position in the vicinity of the 
plane flush with the conductive layer 21. 

<Fifth Embodiment 

[0103] FIG. 37 is a cross sectional view showing the 
semiconductor device 200 according to a fifth embodi- 
ment of the present invention. In FIG. 37, the members 
of the semiconductor device common with those of the 
semiconductor device according to the fourth embodi- 
ment of the present invention are denoted by the same 
reference numerals so as to avoid an overlapping de- 
scription. 

[0104] In the fifth embodiment, a third protective film 
22 is formed on the conductive layer 21 forming the in- 
ductance element L as a thin film passive element and 
on the conductive layer 15, as shown in FIG. 37. 
[01 05] According to the particular construction shown 
in FIG. 37, the inductance element L is sandwiched be- 
tween the first protective film 14 and the third protective 
film 22 so as to make it possible to obtain stable induct- 
ance characteristics. 

[0106] For forming the third protective film 22, the con- 
ductive layer 1 5 and the conductive layer 21 forming the 
inductance element L are formed first. Then, the entire 
surface on the circuit side of the semiconductor wafer is 
coated with a polyimide series resin material, followed 
by curing the coated resin material like the first protec- 
tive film 14 described previously. Further, a resist pat- 
terning and a protective film patterning are applied by 
using an etching solution, followed by peeling off the re- 
sist, thereby forming the third protective film 22. - 

<Sixth Embodiment 

[0107] FjG. 38 is a cross sectional view showing the 
semiconductor device 200 according to a sixth embod- 
iment of the present invention. In FIG. 38, the members 
of the semiconductor device common with those of the 
semiconductor device according to the fourth embodi- 



ment of the present invention are denoted by the same 
reference numerals so as to avoid an overlapping de- 
scription. 

[01 08] In the sixth embodiment, a magnetic film 23 is 
5 formed on the inductance element L forming a thin film 
passive element with the third protective film 22 inter- 
posed therebetween, in addition to, the construction of 
the semiconductor device according to the fifth embod- 
iment of the present invention. The magnetic film 23 can 
10 be formed of a ferromagnetic material. Alternatively, the 
magnetic film 23 can be formed by mixing a ferromag- 
netic material or a soft magnetic material in, for example, 
a resin. 

[0109] By forming the magnetic film 23 on the induct- 
15 ance element L with the third protective film 22 inter- 
posed therebetween, it is possible to markedly increase 
the inductance value of the inductance element L so as 
to improve the characteristics as the inductance ele- 
ment. As a result, it is possible to diminish the size of 
20 the conductive layer 21 required for obtaining the same 
inductance value. It is also possible to improve the in- 
ductance characteristics. 

[0110] As described above, according to each em- 
bodiment of the present invention, it is possible to inte- 
rs grally stack the capacitance element or the inductance 
element forming a passive element on the circuit ele- 
ment-forming region DA of the semiconductor device 
200. Needless to say, it is possible for the capacitance 
element and the inductance element according to each 
30 embodiment of the present invention to be present in a 
mixed fashion on the circuit element-forming region DA. 
For example, as shown in FIG. 39, it is possible to form 
the capacitance element C1 according to the first em- 
bodiment of the present invention, the capacitance ele- 
35 . ment C2 according to the second embodiment of the 
present invention and the inductance element L1 ac- 
cording to the fourth embodiment of the present inven- 
tion, in the circuit element-forming region DA in the sem- 
iconductor device 200 in which a plurality of posts 16 
40 are formed on the circuit element-forming region DA as 
shown in FIG. 39. In this case, it is possible to stack the 
capacitance elements and the inductance element with- 
out inviting an increase of the chip area. It follows that 
it is possible to further decrease the chip area and to 
45 mount the capacitance element and the inductance el- 
ement required for the wireless l/F function within the 
chip in the case of constructing a module equipped with, 
for example, the wireless i/F function so as to further 
diminish the module size. 

50 

Claims 

1. A semiconductor device, comprising: 

55 

a semiconductor substrate (11) including a cir- 
cuit element-forming region (DA) and a plurality 
of connection pads (12); 
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an insulating film (14) formed on said circuit el- 
ement-forming region (DA); and 
a columnar electrode (16) electrically connect- 
ed to at least one of said plural connection pads 
(12), characterized by further comprising 5 
at least one thin film passive element including 
at least one conductive layer formed on said in- 
sulating film (14). 

2. The semiconductor device according to claim 1, 10 
characterized in that said thin film passive ele- 
ment is at least one capacitance element (C). 

3. The semiconductor device according to claim 2, 
characterized in that said capacitance element 15 
(C) includes two conductive layers (15, 20) and a 
dielectric material layer (18), said two conductive 
layers (15, 20) stacked one upon the other on said 
insulating film, and said dielectric material layer (18) 

is interposed between the conductive layers (15, 20 
20). 

4. The semiconductor device according to claim 2, 
characterized in that said capacitance element 

(C) includes two conductive layers (15, 20) and a 25 
dielectric material layer (18), said two conductive 
layer (15) positioned apart from each other on said 
insulating film, and said dielectric layer (18) is 
formed in the clearance between the two adjacent 
conductive layers (15). 30 

5. The semiconductor device according to claim 2, 
characterized in that said capacitance element 
(C) includes two conductive layers (15,20) and a di- 
electric material layer (18), said two conductive lay- 35 
ers (15) positioned adjacent to and apart from each 
other on said insulating film and a plate-like elec- 
trode (16b) positioned on the conductor layers (15), 
and said dielectric material layer (18) is formed in 
the clearance between the opposite ends of the ad- 40 
jacent plate-like electrodes (1 6b). 

6. The semiconductor device according to claim 1, 
characterized in that said thin film passive ele- 
ment is at least one inductance element (L). 45 

7. The semiconductor device according to claim 6, 
characterized in that said inductance element (L) 
includes one conductive layer, said conductive lay- 
er (21) being formed in the shape of any of an an- so 
gular eddy shape, a rectangular wave shape, and 

a loop shape. 

8. The semiconductor device according to claim 7, 
characterized in that said inductance element (L) 55 
further comprises a magnetic film (23) on said con- 
ductive layer (21). 



9. The semiconductor device according to claim 1, 
characterized in that said thin film passive ele- 
ment includes two terminal electrodes, at least one 
of said two terminal electrodes of said thin film pas- 
sive element being electrically connected to said 
columnar electrode (16). 

10. The semiconductor device according to claim 1, 
characterized in that said thin film passive ele- 
ment includes two terminal electrodes, at least one 
of said two terminal electrodes of said thin film pas- 
sive element being electrically connected to said 
connection pad (12). 

11. The semiconductor device according to claim 1, 
characterized in that said thin film passive ele- 
ment includes two terminal electrodes, each of said 
terminal electrodes of said thin film passive element 
being connected to at least one of said connection 
pad (12) and said columnar electrode (16). 

12. The semiconductor device according to claim 1, 
characterized in that the periphery of said thin film 
passive element is covered with a protective film 
(19, 22). 

13. The semiconductor device according to claim 1, 
characterized by further comprising a plurality of 
said thin film passive elements. 

1 4. A method of manufacturing a semiconductor device 
characterized by comprising the steps of: 

preparing a semiconductor wafer substrate 
(100) including a plurality of chip forming re- 
gions each having a circuit element-forming re- 
gion (DA) and a plurality of connection pads 
(12); 

forming an insulating film (14) on the circuit el- 
ement-forming region (DA) of each of said chip 
forming regions; 

forming at least one thin film passive element 
including at least one conductive layer on said 
insulating film (14); 

forming a columnar electrode (16) electrically 
connected to at least one of said plural connec- 
tion pads (12); and 

dividing said semiconductor wafer substrate 
(100) into individual chip forming regions so as 
to form a plurality of semiconductor devices 
(200) each having at least one thin film passive 
element. 

1 5. The method of manufacturing a semiconductor de- 
vice according to claim 14, characterized in that 
said step of forming said thin film passive element 
comprises sub-steps of forming at least one of a ca- 
pacitance element (C). 
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16. The method of manufacturing a semiconductor de-. 
vice according to claim 15, characterized in that 
said step of forming a capacitance element (C) 
comprises the sub-steps of: 

forming a first conductive layer (15) on the cir- 
cuit element-forming region of said semicon- 
ductor substrate with an insulating film (14) in- 
terposed therebetween; 
forming a dielectric material layer (18) on said 
first conductive layer (15); and 
forming a second conductive layer (20) on said 
dielectric material layer (18). 

17: The method of manufacturing a semiconductor de- 
vice according to claim 15, characterized in that 
said step of forming the capacitance element (C) 
comprises the sub-steps of: 

forming two pieces of conductive layer (15) po- 
sitioned adjacent to each other a predeter- 
mined distance apart from each other on said 
insulating film (14); and 
forming a dielectric material layer (18) in the 
clearance between adjacent two pieces of said 
conductive layer (15). 

18. The method of manufacturing a semiconductor de- 
vice according to claim 15, characterized in that 
said step of forming the capacitance element (C) 
comprises the sub-steps, of: 

forming two pieces of the conductive layer (15) . 
positioned adjacent to each other a predeter- 
mined distance apart from each other on said 
insulating film (14);. 

forming a plate-like electrode (16b) on each of 
the two adjacent pieces of said conductive layer 
(15); and 

forming a dielectric material layer (18) in the 
clearance between one end and the other end 
of said plate-like electrodes (16b). 

19. The method of manufacturing a semiconductor de- 
vice according to claim 14, characterized in that 
said forming of said thin film passive element com- 
prises forming at least one inductance eiement (L). 

20. The method of manufacturing a semiconductor de- 
vice according to claim 19, characterized in that 
said step of forming the inductance element (L) 
comprises the sub-step of patterning said conduc- 
tive layer (21) in any of the shapes selected from 
the group consisting of an angular eddy shape, a 
rectangular wave shape and a loop shape. 

21. The method of manufacturing a semiconductor de- 
vice according to claim 20, characterized in that 



said step of forming the inductance element (L) as 
said thin film passive element comprises the sub- 
step of forming a magnetic film (23) on said second 
conductive layer (21 ). 

5 

22. The method of manufacturing a semiconductor de- 
vice according to claim 14, characterized in that 
said step of forming said thin film passive element 
comprises the sub-step of covering the periphery of 

10 said thin film passive element with a protective film 
(19,22). 

23. The method of manufacturing a semiconductor de- 
vice according to claim 14, characterized in that 
said step of forming said thin. film passive element 
comprises the sub-step of forming said columnar 
electrode (16) in at least one of the electrode termi- 
nals at one end arid the other end of said thin film 
passive element. 

24. The method of manufacturing a semiconductor de- 
vice according to claim 14, characterized in that 
said step of forming said thin film passive element 
comprises the sub-step of connecting at least one 
of the electrode terminals at one end and the other 
end of said thin film passive element to said con- 
nection pad (12). 

25. The method of manufacturing a semiconductor de- 
vice according to claim 14, characterized in that 
said step of forming said thin film passive element 
comprises the sub-step of connecting each elec- 
trode terminal of said thin film passive element to at 
least one of said connection pad (12) and said co- 

35 lumriar electrode (16). 
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